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Note to Users.

This notebook contains full page prints of the 36
Power Point figures used in my presentation on
marine biological effects related to the reverse

osmosis desalination at Huntington. Opposite each
of the figures is a narrative, each page of which is

numbered to correspond to the illustration. In some

cases the narrative goes to a second page which is
under the first. Some of the Power Point illustrations

contain complete references. Other references are
found on the last page of this document.

This work was prepared by me for the Poseidon
Resources and is submitted to them on:

5 September, 2@

Jeffrey' B. Graham
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1. Title slide.
This shows the area of interest, the location of the AES Power Plant, and the position of

its cooling water intake and discharge towers in relation to submarine topography and
other coastal features. Purpose of this presentation is to interpret the salinity distribution
maodels developed by Dr. Scott Jenkins with regard to the likely effect of increased

salimity on organisms living in the vicinity of the discharge.
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2. Map similar to 1 shows the cross-shore (A} and longshore (B) coordinates for
the Jenkins and Wasyl analyses.
As you just heard from Scott Jenkins, modeling computational analyses were done to
show how the warm, concentrated seawater discharge from combined power generating +
reverse osmosis (RO) operations at the site would be distribawted in the coastal waters,
These analyses were resolved along two sections passing through the outfall: The cross-
shore section (A) extends from the shore to the 20 m depth contour. The longshore
section extends 4.5 km along a path parallel to the shore. The analyses reveal the fine-
scale distribution patiern of the discharge salimity, indicate salinity level at any point
within the discharge flow field (in both the longshore and cross-shore axes) and enable

estimation of the salinity exposure times for swimming, drifting, and benthic organisms

in the vicinity of the discharge.
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3. Physical features of the AES Huntington Discharge Tower.

The discharge tower is located 460 m (1,500 ft) offshore. It is 240 m (800 ft) inshore of
the water intake site. Water depth at the discharge site is 8-8.5 m (26-28 ft) and the tower
extends 4.8 m (15.8 fi) above the ocean bottom. The power plant’s water discharge rate

is dependent upon the number of power generators on hine and can vary between 127 to

507 million gallons per day (mgd). Permit regulations limit the temperature of discharge
water to within 10°C (about 17°F) above ambient seawater temperature, The discharge
pipe has a rectangular opening directed vertically upward through a debrnis screen toward
the water surface. The momentum of the discharge water stream is sufficient to broach
the water surface and establish a “surface boil” of water that expands 360 degrees
outward from the region of surface contact. Because the warm discharge water is Jess
dense, it remains mainly at the surface. However, because the combined RO + power
plant cooling discharge stream modeled by Jenkins and Wasyl will be more saline, it will
tend to sink as the boil loses momentum. As this happens the water mixes with and
entrains ambient water, and vertical convective cells will form around the discharge
tower. The distribution of this warm, concentrated seawater discharge and 1ts eventual
blending with ambient water was modeled by Dr. Jenkins in order to know evaluate its

possible effects on the marine organisms living in the vicinity of the discharge.
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4. The discharge function will change when the RO plant comes on line.
To produce 50 mgd of potable water, the RO plant will withdraw 100 mgd from the

power-plant cooling flow. The RO byproduct. 50 mgd of approximately 2x concentrated
seawater (67 ppt), will be injected into the cooling water discharge as it leaves the power

plant. Considerable mixing of this seawater concentrate and the cooling water will occur

before the combined flow is discharged into the ocean.
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5. Features of the Jenkins and Wasyl Salinity Profile Model.

Twenty vears of coastal zone oceanographic and other data were used to model the
combinations of coastal oceanographic and climatological features (e.g., wave height and
periodicity, tidal range, wind speed, and current flow) affecting ocean mixing. The
mixing level of the near-shore waters determines the rate at which the warm,
concentrated seawater discharge stream will be blended with ambient ocean water. The
20 vear record defines conditions for “average™ mixing and conditions for rarely
occurring periods of minimal mixing. These were used to model respectively, “Average™
and “Worst Case™ scenarios for RO and power plant discharge blending,

The “Average” scenario reflects first the infusion of the 50 mgd concentrated seawater
RO outflow with the typically occurring power plant flow rate (PPFR). This mix 1s then
discharged into an ocean having the “average level conditions affecting water mixing,”
as specified by a particular combination of tidal amplitude, wave height and penodicity,
wind speed, determined from the 20 year records. The “Average” scenano was inititated
for 30 days and the average salinity profile along transects A and B was solved.

The “Worst Case™ scenario was based on the combination of a tranquil dry weather, with
calm “La Nina” or summer ocean conditions and a minimal PPFR. These were initialized
for 30 days straight and the resulting average salinity profile along A and B transects was
solved. The “Worst Case™ scenanio thus combines factors that minimize ocean mixing
(low wave height and periodicity, low (zero) wind velecity, low tidal amplitude, and low
current flow) with factors maximizing the quantity of concentrated seawater in the

discharge (a low total PPFR combined with the 50 mgd of RO byproduct). [In actuality,



the combination of conditions constituting the “Worst case” are extremely rare for several
reasons. First, the requisite summer ocean conditions have a very low probability of co-
occurrence (1 week every 3-7 years). Also, these conditions have a low probability of
persisting for as long as 30 days (models were perpetuated for this time to ensure
numerical stability). Finally, the climate conditions associated with these periods (i.e.,
hot, windless summer days) would increase demand for electricity and result in a high

rather than a minimal PPFR ]
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6. How power plant flow rate (PPFR) affects RO discharge salinity.

PPFR was combined with the oceanographic data to model discharge and ocean mixing
and the resultant along-shore salinity profile. The greater the PPFR, the greater the “in-
pipe” dilution of the RO byproduct before it reaches the ocean. The minimal operational
PPFR is 126.7 and, with the RO operation, net PPFR 1s 76.7 mgd (126.7 - 100 +50 =76.7
mgd). This net PPFR, which is only 1.53x the RO byproduct volume, was used to model
the “Worst Casc” sccnario. The PPFR at the “Average” plant operating level, 253 mgd,

was used to model the “Average™ scenario (net average PPFR = 253-100+50 = 203 mgd).
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7. What questions about the salinity profile do the models address?
What will salinities be near the discharge and in the waters surrounding it? In what
directions will the discharge plume go? How will salinity profiles change over distance?

Will surface and bottom waters differ in salinity? What magnitudes of salinity change

will organisms experience and for how long?
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8. Average Case: Cross- and longshore salinity profiles.

These show the salinity profile that would prevail over a 30 day period in which the RO
operates at 50 mgd, net PPFR is 203 mgd, and average ocean mixing conditions prevail.
Conditions favoring the “Average” scenario would prevail about 50 percent of the time.
The average salinity of the ocean water off Huntington Beach is 33.5 parts per thousand
(ppt). The models show that the core area of elevated salinity (>40 ppt) remains within
50-100 m (164-328 ft) of the discharge site. The highest core salinity 1s 41 ppt and on the
edge of the outer core salinity is 36 ppt. Because denser water sinks, salinities are greater
at depth than on the surface, however, complete blending of the discharge water occurs
within about 250-400 m (800-1300 f1) of the discharge. The longshore salinity profile
shows downcoast movement with the direction of the net (24 h) current flow. The region
of highest salinity (>40 ppt), which extends further at depth, is confined to within about
30 m (100 ft) of the discharge. The longshore distribution of the salt wedge persists for a
long distance, but the salinity difference between the wedge and ambient water is very
small. The downcoast distance to the point of complete water blending 1s about 1900 m
(6200 ft) at depth, and about 900 m (3000 ft) at the surface. Note also that there are inner

and outer salinity corcs and a salt wedge.
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9. Worst Case: Cross- and longshore salinity profiles.

The Jenkins and Wasyl “Worst Case™ scenario sets RO facility operation at 50 mgd, net
PPFR at 77 mgd, and specifies a low state of ocean mixing. The probability of this set of
conditions occurring is very low. Jenkins and Wasyl give the probability of these

conditions persisting for a week within a three-year span at 0.0064. Over a seven year

period, the probability of a week of these “Worst case” conditions is 0.0027. The images
show a high-salinity area, composed of an inner core or Jet with an upward momentum,
and an outer core comprised of a large percentage of entrained water. The maximum
salinity in the jet is 55 ppt, which, due to turbulent mixing, reduces to 50 ppt as water
broaches the surface. The salinity of the entrained and sinking water of the outer core
rapidly falls from 50 to 38 ppt. The inner core surrounds the discharge to a radius of
about 40-50 m (131-160 ft). The outer core radius is asymmetric extending 300 m (984
ft) downshore, but only 150 m (490 ft) upshore. The salt wedge forms as £he surface
water Joses momentum and begins to sink. The wedge spreads predominantly downslope
[to about 800 m (2600 ft) offshore] and downstream about 1800 m (5900 ft). Its salinity

ranges from 35 ppt down to only slightly greater than ambient (33.5 ppt).
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10. Quantitative comparison of the outfall patterns of the two scenarios.

In Both the “Average” and “Worst Case” scenarios, the RO facility operates at 50 mgd,
but the “Average” case net PPFR is about twice as large as that of the “Worst case™ (203
vs 77 mgd). A greater net PPFR means more “in-pipe” dilution of the conéentmted
seawater, which, by lessening the water density gradient, lengthens blending time and

distance.
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11. Tabular comparison of the two scenarios.
While the maximum salinity at the discharge is much less in the “Average” compared to
the “Worst Case™ scenario, differences in the outer cores and salt wedges for the two

sccnarios are not large and the downdrift persistence of the “Average” plume (which is

less saline) is greater than the “Worse case.”
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~ 12. Potential biological effects of a salinity increase?

By swimming or drifting into the discharge plume, or by living on the bottom near the
discharge tower, marine organisms will come into contact with the warm, concentrated
RO-power plant discharge.

Will they be able to tolerate its extremes?

Will the discharge disrupt the coastal community structure?

Will the area’s biodiversity be altered?

C-26



LP33193}J8 UBII0 AY) JO BIIE Y] ST JBYAA
,asedrdul Ayurpes ay) St 31q MO

*J33JJ9 9Y) JO JUIIX3 Y} Inoqe suonsan()

N0 [[IM 3sedIdUl Ajrurfes judueuridd € d19ym
ASIBYISIP Y} PUNOJL SBIIE UL JAI] JBY) “‘YSIJ JUO0S
pue ‘duLIys ‘SuiIoA ‘SIR[[Op pues ‘Surgaan ‘s[reus

‘sqead a1 ‘sadppPmp (wojpoq) dyudg °¢
duwinjd asaeydsIp 3Y) oyul

WIS Jey) *939 ‘speas ‘astodaod ‘ysiy °z
dund agaeydsip ay) Aq pajeIu0d

J9)eM Ul sunjup ss3d pue uopjue[J ‘|

4 PAIIPISUOD 3Q 0) PIIU SWISIULS.IO JBYAA

ISBAIUT AJIUI[BG © JO §199]J7 [Bd130]01g [e)Ud)0 ]




13. How will the salinity of the benthic habitat be affected?

Surveys of the macrofaunal assemblage in the sandy subtidal area offshore of the power
plant show a core group of species throughout most of the area. The most common
animals present are three species of polycheaete worms (Diopatra, Owenia, and a
maldanids), hermit crabs, and the sand dollar (Dendraster).

Jenkins and Wasy] have also modeled the “Average” and “Worst case” predicted bottom
salinities around the discharge. Cross- and longshore projections of this are shown (note
the projections have different distance vscales). For both scenarios, cross-shore salinity
peaks near the approximate offshore position of the discharge [i.e., about 460 m (1500 ft)
offshore]. For “Average” conditions the maximum bottom salinity is 38 ppt, however,
the gradient is quickly dissipated and approaches ambient. Only a very small span of the
~ bottom has a salinity of 37 ppt or greater (i.e., within 10% of the ambient salinity of 33.5
ppt). For the “Worst case,” peak bottom salinity is 48.3 ppt. At the outer fringes of the
inner core [approximate span is 150 m (492 ft)] salinity is 41 ppt. The cross-shore span
of the bottom having a salinity of >37 ppt is 200 m (656 ft). The long-shore span of the
bottom with this salinity is about 400 m (1312 ft). Beyond these distances bottom

salinities quickly tend toward ambient.
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14. What would be the duration of salinity exposure for pelagic drifters?

The coastal-current-driven drift rate of nearly neutrally buoyant organisms such as
zooplankton, eggs, and fish and invertebrate larvae, would bring them into contact with
the increased salinity discharge. The path of their drift relative to discharge position
would determine the level and duration of their exposure to the warm, increased salinity
water. The water in which drifting organisms are entrained would mix with the discharge
water and become warmer and saltier. As this water mass moved away from the
discharge it would gradually return to ambient temperature and salinity, thus restoring
normal conditions to the organisms within it. In the case of organisms drifting along a
trajectory that would take them over the outfall, these would be swept away from this site
by the outward momentum of the discharge plume. While organisms swept outward
from the discharge jet would experience a marked rise in temperature and salinity, this
would be very brief and none are likely to experience maximum-jet salinities and
temperatures.

Jenkins and Wasy]l modeled Lagrangian drift rates in the water mass around the outfall to
predict the salinity exposure dose (i.e., level and duration) under both “Average” and
“Worst case” conditions. Under “Average” conditions, exposure to the maximum inner
core salinity of 40-42 ppt would be for no more than 10 min, and exposure at the inner
core fringes (38 ppt) would be for only 23 min. An organism drifting into the outer core
(36 ppt) would experience that salinity for 46 min; at the periphery of the outer core it
would encounter 35 ppt for 1.5 h. Exposure times to salinities within the salt wedge
range from 4.5 h (33.65 ppt) to 7.3 h (33.6 ppt). Under “Worst case” conditions,

exposure to an inner core salinity of 53-55 ppt would be for 7 min while exposure at the
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inner core’s periphery (50 ppt) would be for 35 min. Exposure to 45 ppt within the outer
core would be for 1 h while, at the edge of the outer core, exposure to 38 ppt would be for
2.2 h. Within the salt wedge, exposures to a salimity of 34 ppt could be forupto 6.5 h
while as long as 11.4 h could be spent in the salt wedge at salinities verv near to ambient
{33.5 ppt). As will be shown subsequently, these salinity extremes and exposure

times are all relatively small and well within the demonstrated tolerances of most

marine organisms.
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15. How large an area of ocean is affected by “Average” and “Worst Case”
scenarios?

The models also consider the area of the effect. Under the “Average” scenario, 7-8 acres
of benthic and pelagic habitat around the discharge tower will experience a salinity
increase of 10% or greater (i.e., 36.9 to 38.3 ppt). The benthic area'experiencing a 1% or
greater salinity (i.e., 33.8 to 36.9 ppt) is 130 acres, the pelagic area is 172 acres. Under
the “Worst case,” the benthic (16 acres) and pelagic (18 acres) areas that would
experience a >10% salinity increase are twice as large; the pelagic acreage experiencing a
>1% salinity under the “Worst Case™ scenario is 14% greater than that under “Average™

conditions, and the “Worst case” benthic area 1s greater by 35%.
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16. Pul this area in perspective by comparing it to a stretch of beach nearby.

Under “Average” conditions, seven acres of benthic habitat and eight acres of pelagic
will receive a 10% salinity increase. Under “Worst case” conditions, 18 acres of pelagic
and 16 acres of benthic habitat will experience a 10% salinity increase. Contrast these
areas the area contained within the black lines on the map. These lines define the 1-20 m
contour for the area extending upcoast from Balboa to Huntington State Beach (14" St).

The line-enclosed area is about 6000 acres.
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17. Compare it to the Southern California Bight.

At a minimum, the majority of species living near the Huntington discharge have a
geographic distribution extending throughout the SCB. The approximate area of the SCB
lying within a depth range of 1-20 m is about 440,000 acres. Thus, the areal effect of the
combined power plant RO discharge 1s, in addition to being mild, is highly localized.
While these area comparisons provide perspective, the intention in presenting them is to
neither trivialize or “write-off” the potential biological impacts of the salinity discharge
on the organisms living near the discharge site. The comparisons do nevertheless show
that, relative to the vast expanse of the sand-dwelling marine community and the area

within the SCB where this community occurs, the physical effects of the RO byproduct +
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18. Principles of environmental adaptation I: Salinity.

This illustration continues to frame the biological questions in the context of how
organisms make environmental adaptations. The ability to regulate salt level within body
tissues is the key to salinity survival and tolerance. The capacity of organisms to control
the levels of salt in their bodies is called osmoregulation, the central concepts of which
are emphésized in several keys terms including, diffusion, hyperosmotic, hyposmotic,
isosmotic, osmoconformity, and osmoregulation. Vertebrates and invertebrates have
different osmoregulatory mechanisms. Salinity tolerance limits involve the 1nability to
regulate salt levels under extreme conditions.

It is necessary to consider the osmoregulatory capacities of three different groups of
organisms occurring at the Huntington discharge: Drifters such as eggs, larvae, and
plankton will be carried by currents into the area and then remain within the flow field of
the discharge water. Swimmers such as fishes, other vertebrates, and large invertebrates,
may happen upon the higher salinity area. Benthic residents of the sandy bottom around
the discharge tower will be permanently exposed to an increased salinity regime imposed
by the outer core and salt wedge water. established at the base of the discharge tower. It
is easiest to understand the effects in terms of a “salinity dose™ (1.e., magnitude of the

effect in combination with the duration of exposure to 1t).
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19. Principles of environmental adaptation II: Temperature.

Although RO removes a percentage of plant heat from the effluent (i.e., the amount
contained in 50 mgd of RO product), an elevated water temperature remains a feature of
the discharge. Temperature is an important and well-studied environmental variable.
Every developmental stage of fishes and invertebrates is directly affected by temperature.
Organisms can adapt to local and seasonal temperature changes.

Salinity and temperature often have synergistic effects on organisms.
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20. Salinity tolerance tests determine the survival limits of a species.

Whole effluent laboratory toxicity (WET) tests are applied to species living in areas
where it is suspected that a discharge might have an effect on survival. These define the

dose lethal 1o 50% of the test group, L.C50; such data are shown for two fishes and a

mysid shrimp.
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21. Salinity tolerance is different at different life stages and this must be taken into
account. Data show that the upper salinity tolerance of the coastal marine isopod
Sphaeroma serratum increases over stages I-V and adult. Note, all levels lethal for

isopods are >55 ppt, which greatly exceeds predicted “Average” and “Worst Case”

scenarios.
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22. Combined effects of temperature and salinity on the survival of different post
metamorphic life stages of hermit crabs (Pagurus).

Graphs show metamorphic stage transitions. At 25°C and 25 ppt there is the longest
survival, with a greater percentage of larvae completing metamorphosis to reach the C1
stage. Stage survival in extreme salinities exceeds time of exposure predicted for

“Average” and “Worst Case” scenarios for the Huntington discharge.
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23. Roundworms tolerate prolonged exposure to 200% seawater.

Species in four different genera were studied: Axonolaimus, Cervonema, Daptonema,
Sabatieria. Two of the four genera experience no mortality, even after 48 h in 200%
seawater. Roundworms like these will likely survive indefinitely in benthic substrates
around the plant discharge experiencing the full “Average” — “Worst Case” scenario

salinity range.

C-49



() Sl 0 0 0< o< 0 0L 06 33 0} Wowt

0 C 0 0 0z s 0 08 06 08 € N
0 S 0 0 0 0 0 0f S’ 0T oOf Tl
0 () 0 0 {) 0 ) I T o S § A U8
0 0 0 0 0 0 0 0f cg 0 <l Ut
0 0 0 0 0 0 0 S GY 0 0 4z
0 0 0 0 0 0 0 Gl 54 0 i} ql
0 0 0 0 0 0 0 ol 08 0 (Ui Of
0 0 () 0 0 0 0 0l 08 0 0w Qg
0 0 0 0 0 0 0 §) 472 0 0 et Q1

'd o v 'S a D Y ‘S R4 ‘D A

24001 %058 %01

SUOTINJOS 101PMEDS JRIOLTLTY

. s —

,Emiuﬁ_m JWIY SNOLITA 1B SUOHN[OS A Sy N
N1 ul Sy miponnd oraupgog pue (1) praszixe ¢F (D)) ppnpiiniag 2 () snsenadsound y 1o (g5) A1UMON
T AqeL

"(601:4TT '1097 “1o1g "1EIAl "dXT °[ 8661 *193540,0) *AIJRMEIS 9/ 00T

0} aansodxd (1d3uo] pue) y g 03 dn dead]0) SIS anoj [[© Jey)

SAMOYS (SOPOoIBWIU) SULIOA IIYIUIQ YA §)SI) DURII[0} AjuIjeg

C-50




24. The peanut worm, Goldfingia, is an osmoconformer.
Graph shows how a “square-wave” salinity increase is followed by increases in tissue

sodium and chloride ions, but not potassium ion.
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25. The snapping shrimp, Alpheus, is also an osmoconformer.

Data set 1s nearly the same as in previous graph.
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26. What about the fish?

All data presented to this point are for invertebrates, which are 1sosmotic with seawater
and conform their tissue salt levels to changes in salinity. However, there are no salinity
tolerance data for the invertebrates living near Huntington. What about the fishes? There
have been several stadies on fish species normally found in the area of the discharge.

Before examining these, consider this short account for the Gulf of California croaker,

bairdiella.
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27. Bairdiella 1

Bairdiella icistia lives in the Gulf of California. (The common name of this fish,
bairdiella, is the same as its binomial generic name, Bairdiella, which is both capitalized
and italicized.) Bairdiella was introduced into the Salton Sea in the 1950s along with
several other croakers and the sargo. (A number of species of fishes and invertebrates
that live in southern California waters also live in the northern Gulf of California where
salinities range from 36-39 ppt.) The bairdiella does not live in southern California
watcrs, but its story, and that for a few other species, is very relevant to questions about
salinity change. Studies cited in the figure show what was learned about salinity effects

on the bairdiella when it was realized that the Salton Sea was getting too salty for fish

there to survive.
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28. Bairdiella 2

Studies of Dr. Bob May on Buairdiella help define the scientific approach needed for the
RO discharge question. Need to consider combined temperature and salinity effects.

May defined optimal salinity and temperature ranges.
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29. Bairdiella 3
May studied the complete development from fertilization to larval survival. He showed

that salinity especially affected several stages, fertilization itself, gastrulation, and

hatching.
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30. Bairdiella 4

May learned a number of interesting facts about the susceptibility of different life stages
to salinitv. Although Bairdiella does not live along the southern California coastliné,
May’s findings show that no stage of its development process would be affected by either

the “Average” or the “Worst Case” scenarios projected for the power plant + RO

discharge.
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31. Bairdiella 5
This fact is summarized in May’s graph showing restrictive zones of combined

temperature and salinity that limit the bairdiella’s development.
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32. What about other fish?

The grunion tolerances exceed predicted conditions.
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33. The sargo is similar to the bairdiella.
The sargo lives in southern California waters and also in the Gulf of California from
where it was introduced into the Salton Sea. Studies on the sargo show tolerance ranges

that far exceed predicted “Average” and “Worst case” conditions.
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34. Summary L. Habitats A sandy, soft bottom habitat predominates throughout

the area where the discharge will occur.

Thus, the spatial range over which organisms and communities similar to those found
near the discharge have a wide distribution within the Southern California Bight. Also,
all organisms living near the discharge have very broad geographic distributions. There

are no “environmentally sensitive” habitats such as eel grass, rocky shores, kelp beds, or

surf grass in the vicinity of the discharge.
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35. Summary II. Organisms-1

Pelagic vertebrates can avoid the discharge area by swimming if necessary and most
vertebrates are highly insensitive to the small and short-term salinity effects predicted for
the Huntington discharge area. Once carried into the discharge plume, drifters (eggs,
larvae, plankton) will move down coast within 1t and experience the gradual return to
ambient conditions. The buoyancy of these organisms may ultimately separate them
from the slowly sinking salt wedge. In either case, most “drifters” have salinity

tolerances that exceed both the extent and duration of the predicted exposure.
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36. Summary III. Organisms —2 Benthic effects

The “Average” case will have minimal effects because of rapid discharge dilution and a
return to ambient conditions. The “Worst case™ could have a greater effect, particularly
as a permanent elevated benthic salinity area around the discharge. But, the “Worst case”

has A VERY LOW PROBABILITY OF OCCURRENCE AND THUS HAS

LITTLE RELEVANCE TO THE QUESTION OF WHAT POSSIBLE

BIOLOGICAL EFFECTS THERE WILL BE.
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